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Simultaneous  Bctvp  minationjof  Plasma  Volume  and  Total  Arythrocytc 
Quantity  with  Cr5-*-  and.  I“-^—-lbu.''in}  and  a  Contribution  About  the 
Relationship  between  Peripheral  and  body  Hematocrit  During  Hemato¬ 
logic  Diseases 

(Tho  following  is  the  translation  or  an  article  by  H.  Huber,  A. 
Heller  and  0.  Aiccabor.a,  Isotope  Laboratory  of  the  ibdical  Clinic 
of  tho  University  of  Innsbruck,  that  apoeared  in  the  Ger.ian 
language  periodical  BLut  (.Hood),  V01.*  13,  no.  1,  1966, pages  1-9. 
Translation  performed  by  Constance  L.  Lust.) 


Blood  volune  measurements  are  routine  in  many  isotope  labs.  Usually 
tho  total  erythrocytes  or  plasm  volume  are  determined,  and  by  using 
“corrected"  hematocrit  values  the  blood  volume  is  datum. lined  ^1,  2).  A 
series  of  illnesses  was  reported  during  varied  the  use  of  the  "corrccting- 
factor"  lead  to  wrong  results,  so  that  a  simultaneous  measurement  of  tho 
two  blood  volume  parts  would  be  advantageous  (.1,  3-6). 

Total  erythrocyte  mss  is  determined  mostly,  by  using  Or*1-!  abelling 
of  erythrocytes;  **lbunin-ru:'>  is  used  for  plasm  volune.  Because  of  the 
similar  energy  spectra  simultaneous  determinations  of  these  two  isotopes 
may  lead  to  difficulties.  It  is  possible  to  do  this  if  the  short-lived 
I1-52  is  used  instead  of  I12^  v,l!32  “2.3  hrs).  for  this  reason  thi3 

is  expensive  and  not  generally  useful  for  routine  work.  Plasm  volume 
was  measured  with  Cr^lci-jj  total  erythrocytes  l^Cr^Q^  VU)  j  this  requires 
a  thorough  separation  of  crytivrocytes  and  plasma  in  order  to  measure 
radioactivity,  determining  life  of  the  erythrocyte  is  fraught  with  errors 
as  is  a  plasm  volume  determination  with  albumin^1.  If  erythrocytes  are 
labelled  with  p32,  than  one  cm  do  j.131  albumin  for  PV,  but  beta  rays 
•are  moro  difficult  to  measure.  Tiiis  isotope  is  also  eluted  rapidly  v.1). 
vr.e  can  use  Fe5^  labelling  and  get  PV  by  crrtrapolation;  Cvr’1  may  be  used 
simultaneously.  Plasm  clearance  of  .V*'  is  rapid,  exponential  (7),  so 
A  vat  grapiiic  cvctrapolation  may  lead  to  difficulties.  Labelling  erythrocytes 
with  ayes  is  used  frequently  to  get  PV,  but  this  method  has  disadvantages  (l). 

HTc  encountered  trouble  in  the  technique  of  the  simultaneous  determination. 
T.vc  present  method,  however,  gave  us  good  results,  it  is  simple  and  needs 
a  minimum  of  equipment.  It  is  used  to  emphasize  the  relation  between  peri¬ 
pheral  and  body  hematocrit.  A  group  of  patients  with  anemias  were  used  a- 
iong  with  controls.  One  patient  had  an  enlarged  spleen  and  was  sploenecto- 
mized,  one  had  polythemia. 

lbthods 

Circulating  BrythrocytC3 

About  20  ml.  venous  blood  was  collected  and  mixed  with  0.5  ml. 

.  parin  (.250CE),  ar.d  centrifuged  at  2000  rpm  for  5  minutes.  Tho  super- 
eaat  plasm  was  discarded  and  60-100  microcurics  of  ^as  Na^^r  0^) 


was  added  udadioch... : 
gran).  Incubation 
3a  with  normal  sail:. 
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as  standard,  and  war 
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used  to  calculate  to 
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■J.  v  ..ire  bmershan  spec.  act*  i.  02-1.51  nc/i.d.cro 
s'-.r  3-  minutes.  ie:cec3  Cr5-**  was  renova d  by  washing 
.  1  •balled  crytiirocytcs  were  suoponded  in  2 5 
.  v  .uactly  20  ml.  of  this  was  injcctod  intra- 
v...  : u..  of  the  labelled  cryilirocytos  were  used 
*  ICO  lid.  after  lysis  'with  saponin,  'fen 
■  c inane  trero  drawn,  usually  li,  and  col- 
.  .  he  IiC.natoerit  was  done  with  the  micro- 

..  added  to  a  part  of  tho  oamplo,  and  2  :ii. 
flic  iv ct  was  centrifuged,  and  tho  plasm 

..  . .  in  automatic  samplo  changer,  liquid 

,j  v.  nt  radioactivity;  pOCO  impulses  vcounts)  wore 
;  urror  was  -  3b.  Tho  usual  forraulao  wore 
1  r/throcytos  v2,  U).  ho  correction  was  required 


Plasma  volume:  . 

For  ?V  deter,  i./:- '.v'.c*.  -ub  v  .l:i  ur*3  was  used  vFarbwcrlco  Ilocchot  Jku 
spec.  act.  O.Olii-o.b^  j  iov’inatod  albumin).  Tho  stock  solution  was 

dilutod  with  saline  ro  unni  a  10  nil.  volume  had  10  micro  curios  and  this 
was  injected,  f.re  ir.;*>.e  vion  followed  t)io  marked  rcd-colla,  the  voluno  eyringo 
was  weighed  bofeae  ;  1  after,  -lood  oa;iplas  woro  taicon  Uioparin&zod)  in 
10-15  minuto  fciv.ervals  for  one  hour,  flio  soralcc  for  determination  woro 
tal:on  from  whole  blood;  erythrocyte  volume  and  hematocrit  in  quatruplicato. 

Tho  remaining  blood  c-.-brifugcd  at  J000  rpm  for  10  ainutos  and  used 
for  I123  measurement  v2  ml.),  Tho  1125  albumin  standard  was  1  ml.  of 
that  injootou;  t’.i.o  was  cl  .luted  to  100  ml.  with  a  0.1;*  protoin  solution. 

Tho  activity  measured  i  ^  counter  was  plotted  as  a  scrd-log  plot  against 
timo.  Time  0  was  cLt.u’  dn.'.d  by  fitting  tho  live  to  tho  boat  points  on 
tho  graph.  rV  was  C'lo-.C.aV.-ri  with  tho  usual  for. tulao  12,  U).  Sinco  wo 
did  not*  uso  heml;  c . .  ;  ...  m  no  corroction  for  Cr3^  counts  was  necossary. 


Hematocrit  D-ter.  oi 

In  ovory  case  v  ..o  and  poriphorul  hematocrit  were  done  and  tho  re¬ 
sults  corresponded  w*i  w..  C*  Jacic  and  Lewis  (.2).  Tho  microhomatocrit 

netliod  was  perform!;  the  blood  was  centrifuged  at  12,000  g  for  5  minutos. 
Wo  did  apply  the  correction  factor  for  plasma  orror,  since  this  was  vory 
small  in  this  case  (5). 


Calculation  of  bod/  hematocrit  and  "corroction-faotor".  Thofol- 
lowing  formulae  were  used: 


::  100;  f 


IU..V 


J24  -  total  erythrocyte  mass 
PV  -  plasma  volume 
f  ■  correction  factor 
KHJC  «  body  hematocrit  (in  .0 
pHX  -  peripheral  1 .  .  -crit  var. 
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Persons  used  in  the  investigation: 

A  total  of  35  persons  were  used  in  groups  as  follows: 

a)  Control  group:  10  people  who  had  no  hematological  illnesses, 
or  ary  other  illness  leading  to  blood  volume  alteration  (10).  Fivo 
had  bronchus  carcinomas;  three  had  degenerative  cardial  illness  without 
any  signs  of  decompensation;  two  had  chronic  tonsilitis. 

b)  Patients  with  anemias  irithout  sploenomcgaly.  Ton  patients  with 
variously  caused  anemias  were  used.  They  had  no  enlarged  spleens.  Iron- 
deficiency  anemias  without  acute,  heavy  blood  losses  v5  cases),  patients 
with  acute  myelogenous  leukemia  13  cases)  and  1  patient  had  lymphosarcoma 
with  aplastic  anemia  and  congenital  spherocytosis. 

c)  Patients  with  splcenomegaly  as  well  as  somo  who  had  sploons  re¬ 
moved:  10  patients  with  spleenomegaly,  as  well  as  some  with  chronic  lympho- 
adenosis  VU  cases),  2  with  osteonyaloscherosis,  1  with  cirrhosis  of  the 
liver  and  tumor  of  the  spleen. 

Three  patients  wore  studied  after  rente  al  of  splcons,  necessitated  by 
ostemyaloscherosis  (weight  of  spleen  l520-3200g);  3  had  idopathic  thromo- 
penic  purpura  ^wt.  spleen  220  g).  One  had  an  operation  6  weeks  previously, 
the  others  1.5  years  and  16  years  respectively. 

d)  Patients  with  polyezyma:  Two  had  polysyma  were  without  enlarged 
spleen  (peripheral  hematocrit  65  +  69%  respectively);  one  also  had  osteo- 
qyaloscherosis,  and  been  spleenoctomized  2  years  earlier  (hematocrit 
UOi).  This  patient  was  also  used  in  group  c. 

Results 

1)  ioergy  Spectra  of  Cr^*  and  1^25  and  the  simultaneous  measurement 

of  those  isotopes.  lc>tj  ^ 

The  differences  in. the  energy  spectrum  of  I1*'3  and  Cr  are  illustrated 
in  Figure  l.^.In  the  channel  there  was  a  part  of  the  low-energj^. 
secondary  Cr^  rays.  No  correction  factors  wore  necessary,  since  I 
albumin  in  plasma  was  determined  after  the  erythrocytes  had  been  removed. 

Cr->r  was  measured  in  whole  blood,  whereby  the  1^-25  activity  in  the  (bv 
channel  was  less  to  an  0.1/«.  The  effecioncy  of  counting  was  2%  of  the  input 
under  these  experimental  conditions;  H25  was  30^  of  input. 

2)  The  relationship  between  peripheral  and  bo<fy  hematocrit  is  demon¬ 
strated  in  Figure  2.  A  close  dependence  was  observed  between  the  taro  para¬ 
meters  in  the  control  subjects,  pationts  with  anemia  without  enlarged 
spleens  and  those  with  polyeeraa  ir  “  0.991).  For  those  ill  with  spleonogalies 
of  various  origin  in  8  of  10  cases  the  body  hematocrit  was  significantly 
elevated,  if  the  results  are  compared  to  the  rest  of  the  groups  ^figure  2). 

3)  Correction  factors  for  determining  body  hematocrit  from  too  peri¬ 
pheral  hematocrit  values.  The  correction  factors  became  apparent  form 
Figure  3.  In  the  control  group,  patients  with  anemias  without  enlarged 
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s  .loons,  etc.,  comparable  results  were  found.  For  tuo  patients  with  the 
severest  anemia  in  respect  to  acute  leukosis  (peripheral  hematocrit  ly 
and  13.5.*)  f  dropped  to  0.7U0  and  0.745  respectively,  fills  result  was 
not  included  in  our  statistical  calculations,  but  .lust  be  if  larger  groups 
of  patients  are  involved.  (Dio  patients  were  under  treatment  of  daily 
doses  of  cortico-.toroid  of  200  i/g  methylprednisolone  at  the  tine  of  this 
inve  s  o i ga tion ) . 

Tiie  10  patients  that  had  spleenoncgalics  had  f  values  significantly 
higher  i  p  <  0.001).  Inc  highest  value  was  observed  with  the  patient  with 
tho  biggest  spleen  tumor,  (25  cm  below  ribs)  (f  ■  1.120)*  Four  patients 
with  spleen  tumors  H5  cm  below  ribs)  had  f  value  about  1;  the  re:naining 
6  patients  with  slightly  enlarged  spleens  the  f  value  was  mostly  below  1* 

Three  patients  were  studied  after  spleens  were  removed.  One  6  weeks 
previously;  he  had  ostconycloscherosis  and  the  f  value  was  0.824  and  was 
below  the  control  group  vfig.  3)«  For  tho  other  tuo  patients  -one  with 
idopathic  thromopcnic  purpura,  one  with  polyezema  vera-  were  operated  on 
1.5  years  and  16  years  previously  respectively,  f  was  in  tho  normal 
range  <0.88  and  0.90). 


Discussion 


The  isotopic  method  described  allows  one  to  do  a  simultaneous  deter¬ 
mination  of  erythrocyte  mass  and  PV  in  a  convenient  way.  Prcrequisits  for 
using  this  method  are  adequately  large  differences  in  the  energy  spectra 
of  the  isotopes  to  be  used.  Cr^1  which  is  used  to  label  erythrocytes  de¬ 
composes  by  electron  capture;  the  low  energy  "pu  rays  of  Cia  lie  in  the 
region  of  325  Kcv.  The  photon  maximum  for  1^5  is  at  35  l Fig.  1). 

This  largo  difference  in  the  energy  of  the  emitted  gamma  rays  allow  for 
good  separation  of  the  two  isotopes,  Measurement  of  these  simultaneously 
requires  only  simple  equipment,  needing  only  a  discrimminator.  It  is 
easy  to  measure  the  "life-time"  of  erythrocytes,  and  tho  surface-areas  at 
the  place  of  hemolysis  is  done  without  difficulty,  because  the  l1  activity 
is  minimal  in  the  Cjyl  channel  vbelow  0.1,®).  In  contrast  to  the  often  usod 
11J  -albumin  this  iodine  isotope  also  has  the 
efficiency  and  less  isotope  effect  ^11).  The 

and  therefore  the  labelled  protein  is  in  less  danger  of  being  denatured 
(12).  Further  it  has  a  relatively  long  half  life  of  60  days. 


v-*  advantage  of  better  counting 
le  dose  of  I1  >  is  usually  less 


By  determining  erythrocyte  maos  and  PV  simultaneously  it  is  possible 
to  determine  blood  volume  directly,  also  the  body  hematocrit  may  be  determined 
which  may  bo  of  interest  in  reference  to  peripheral  hematocrit  (1,  3-6,  13). 
The  vessel  volume,  wherein  tho  plasma  circulates,  is  usually  larger  than 
that  of  the  rod  cells  11,  14).  The  relationship  of  red  colls  to  plasma 
in  the  circtulating  total  volume  Voody  hematocrit)  compared  to  the  peripheral 
horn atocrit  is  usually  lower  than  1  (1,  4,  6,  I3  etc.)  'This  report  shows  tho 
constancy  of  this  rclationsliip  (correction  factor)  in  normal  persons  and 
substantiates  the  results  of  a  scrios  of  authors  who  all  used  different 
methods  for  determining  red-coil  mass  and  PV.  Tne  correction  factor,  f, 
in  normals  was  0.89?  with  a  standard  deviation  of  0.023  ifig.  3)  and  is 
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corn  arable  to  the  values  of  (13)  0.910  -  0*026;  (U)  0.096  -  0*039  v6) 

0.902  -  0.022.  "f"  was  similar  to  normals  for  patients  with  anemias,  etc,  ; 

yrovLJod  no  enlarged  spier- n  was  present.  This  also  agrees  rith  other 
authors  (1,  13).  A  series  of  hypotheses  wore  proposed  about  this  constant 
relationship,  even  when  narked  hematocrit  alterations  were  reported  (1,  6,  i 

1  !)* 

t 

01r.ee  rod  blood  cell  concentration  is  greater  in  spleen  blood  than  in 
k'.a  other  vessels  (3,  a,  12,  15),  a  large  increase  in  the  size  of  spleen 
could  lead  to  increased  values  of  f.  The  results  in  the  literature  aro  in 
opposition  to  this  concept,  Aothschild  et  al  (3)  Fudenberg  ot  al  v.U)  found 
c_id  increase,  Chaplin  et  al  ,.13)  found  f  vcorrection  factor)  unchanged.  t 

Tho  ill  subjects  with  spleenonegaly  a  higher  bo  by  hematocrit  was  ncedc^  in 
order  to  reach  a  certain  peripheral  hematocrit  (fig.  2).  f  was  1.U03  - 
0.051  in  theso  subjects  co:  roared  to  0.d70  -  0.017  for  the  patients  with 
anemias  without  enlarged  j  leons  (fig.  3).  The  f  valve  was  higher  in  tho 
for.iier  group  as  compared  to  those  with  smaller  enlarged  spleens,  -this 
agrees  with  Fudenberg  or  al  (ii).  in  studies  on  osteosclierosis  vl6)  as 
well  as  splconomcgali.es  \17)  it  was  observed  that  to  reach  a  definite 
peripheral  hematocrit  in  those  patients,  a  doubling  of  the  red  cell  mass 
was  needed  than  in  patients  with  enlarged  spleens.  This  may  be  an  im¬ 
portant  finding  and  indicates  a  build  up  of  erthrocytes  during  splcenomogalics* 

As  was  calculated  by  Chaplin  ot  al  v.13),  large  changes  in  distribution  of 
red-coils  aro  required  to  significantly  elevate  f  values* 

Only  three  patients  wore  studied  after  spleenectomy,  so  that  those 
results  need  substantiation  in  larger  numbers  of  patients  (fig*  3).  0n° 

had  tho  operation  6  weeks  previously  and  f  for  this  patient  was  below  the 
region  of  the  control  group.  This  result  agrees  with  Fudenberg  et  al  (h) 
where  the  decrease  was  explained  by  enlargement  of  the  portal  vessclls  with 
increased  capillary  blood  volume*  Ibis  held  more  plasma  than  tho  larger 
vessclls,  as  was  shown  in  a  scries  of  studies (1,  111,  21).  ^ven  in  dogs  splecn- 
ectony  caused  a  lowering  of  the  correction  factor  (22).  For  the  patients 
whose  spleencctory  was  1*5  aid  16  years  ago  f  was  in  the  control  range. 

This  al3o  was  observed  by  Fudenberg  et  al  vU). 

Blood  volume  determinations  are  of  clinical  interest  in  a  variety  of  j 

situations  and  can  be  of  value  in  hematological  diseases  (10)*  >/ith  , 

splcenomcgalie3  of  different  origin  (U,  16,  19),  anemias  in  the  realm  of  j 

cl  ironic  liver  diseaso  (23),  acute  and  chronic  kidney  insufficiency  with 
oligurca  (2U)  and  during  several  other  diseases  (6,  10)  blood  volume  ele¬ 
vations  were  at  least  partially  responsible  for  a  decrease  in  hematocrits* 

Xf  BV  measurements  arc  done  on  normals  or  on  patients  with  anemia 
without  using  tho  correction  factor  the  results  are  usually  high,  Tho 
discrepancy  of  tho  measurement  can  be  about  2G/»*  wren  though  in  most 
cases  a  useful  measure  of  BV  can  bo  obtained  from  PV  or  erythrocyte  mass 
and  a  peripheral  hematocrit  (must  be  corrected),  for  exact  determinations 
tho  BV  must  bo  done  diroctly  simultaneously  (l).  This  report  shows  that 
during  spleenomogalies  and  ovon  maybe  after  spleenectomy  the  correction 
factor  (f )  for  homatocrit  should  bo  uaod*  Similarly  during  liquid  retention 


i 


5. 


during  the  course  of  corticostoriod  therapy  as  well  as  with  heart  diseases 
^5 J  its  usa  is  indicated.  This  method  allows  one  to  do  a  simultaneous 
determination  of  erytlirocytcs  and  PV  in  a  simple  manner. 

Summary 

1.  A  simple  method  for  the  simultaneous  estimation  of  plasma  volur 
and  total  number  of  erytlirocytcs  using  Cjr*1  and  I^-^b-aibunin  is  descr_bc 
and  its  advantages  over  other  methods  of  simultaneous  estimation  are 
discussed. 

2.  The  relation  between  body  hcmatocrit-pcriphcral  hematocrit  values 
is  investigated  in  35  people.  In  the  control  group  made  up  of  anaemia  of 
different  origin  and  severity  but  without  enlargement  of  the  spleen  and 
polycy*  thanes  tho  results  were  conn  arable  with  those  using  varinB  other 
methods  of  blood  volume  estimations. 

3.  A  highly  significant  deviation  Ip  <.0. 001)  from  the  norm  was 
shown  in  10  patients  with  splenomegaly  of  various  origin,  different 
results  vero  obtained  in  3  splenectomized  patients. 

U.  Ihe  importance  of  the  changes  with  regard  to  the  anaemia  of 
patients  with  splenomegaly  and  the  value  of  blood  volume  estimations  in 
various  diseases  of  the  blood  is  discussed  in  conclusion. 
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Figure  3  Correction  factor  "fu  in  tho  control  group  and 
various  groups  of  patients 
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